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Wheat Production and/or Productivity As Climatic 
Proxy Data: Bologna, 1815-1860 



ROBERTO FINZI 
GUIDO LO VECCHIO 



Bologna. Italy, has one of the longest time series 
of data on climate available to modern scientists/ Recently a group of 
historians and physicists have begun to explore them, thanks partly tcj 
funding from the Department of Culture of the Regional Council of the 
Emilia-Romagna, and to joint support from the EEC and the Department of 
Agricutture of the Regional &>undl. Research has been developed along 
three main lines: (1) an inquiry Into the reasons that Bologna scientists 
tooic such an early interest in climate; (2) the study of climate Itself and Its 
relationship to the broader issues involved in its physical analysis; and (3) 
the analysis of the relationship between climale and agriculture in the 
period covered by the series.' 

In analyzing the climate "experienced" by the peasants (rf Bologrta we 
have followed two main routes — first, the influence of climate not only on 
agricultural work but also on the social relationships of production and 
second, as accurate an evaluation as possible of the "pure" influence of 
(dintate on the agricultural yield.* By pure climatic influence we mean the 

R@SERTO nNZI b in 1h« Dv«rtment of HIsiorv, Unhrersitr of Boiogrra and GUIDO LO 
I^C^ttO i> in the Dopsnment of Physics. Universily of Ferrara, Italy. 

1. TWs work can be considered as an addition to H.H. Lamb. Climaie, Present. Past and 
Future. II. Climate History and the Future, (London, 1977, 22-5). With regard to this issue see E, 
Baiada, S. Comani, R. Finii. 0. Salmelli, Suldima di Bologna e dello spazio emilisno-romsgnolo 
nel secolo XVIII: lonti e obieitivi di una ricerca in corso. ■Passaio e presenle,' 2/82, p. 21B. 

2. AH these strands of fesearch can be found in R. Finji. a cura di. Le Meteort e il trumanio. 
Clima agricoltura meteorologia a Bologna nel 700, (Bologna, 1986). 

3. On the first issue see R. Finii, 'Vanga e dima a Bologna 1814- 18BB," 'm StutH in 
memoria di Luigi Dal Pane. (Bologna. 1382), 685-710. R. Finii, S. Comwl, 'MWiyBrs. 8»che et 
ClifiM: U Plain* de Botoflne, 1718-1744,' in Bwtig tTh^n madame et amUmpeniac. 
XXxr, 472-4W. On the second issue see R. Rnti, "II Sole, la pioggla, tt pww e <l (avoro. Note su 
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eftec^ of cltmBte {or of some of its elements) on the growth of plants and 
their fruits wtWiout teking into account the "indirect" effects of the course 
of weather on harvests. Such Indirect effects are, for example, the prolifera- 
tion of field pests under certain climatic conditions often described In 
agricultural sources. 

Our work in this area has made us aware of the climate's direct influ- 
ence pn agricultural yield and we have become more aware of the need to 
obtain broader and more accurate information on the climate and Its his- 
torical role in the formation of human societies. 

During our research we have obtained probable estimates of climatic 
data from the productivity or production data on a particular crop, which, 
in ftia case, is wheat. Harvests have always been a good source for a 
climatic profile.* Yet, the analysis of the relationship has led to more hypo- 
thetical inferences than to solid conclusions. If our method survives ftjr- 
ther checks and replication analyses, we will get much more refined, albeit 
partial, information for a long period before the use of Instruments. Our 
first estimates suggest positive results. 

The choice of wheat as a test crop was eompetllngi It is the staple 
product of European agriculture, both in reality and In the common Imagi- 
nation. As far as our research is concerned, it also had other advantages, 
since given that it has been thoroughly studied for the production of 
bread, its characteristics and requirements are well known. In particular 
we have access to a wide knowledge of Its ne^ln tarns of water supply 
and of the thermal reactions during the growth periods A series of empiri- 
cal but reliable tests led us, in addition, to the conclusion that the most 
widely used variety of wheat in our area, between the eighteenth and the 
twentieth centuries {that is, the period during which our research is fo- 
cused}, belongs to the tritieum aestlvum (Hexploid n»21) which is quite 
similar in its phenological phases to the varieties still in use today.* It was 
'thus possible, in the analysis of crops over the past centuries, to rely on a 
methodology which has been developed for contemporary agriculture. 

We begin with a brief description of the data at our disposal. We have 
dimfite surveys dating b«ekto 1716, with some missing intervals between 
1774 and 1814. The methods used In these surveys has since evolved, but 



cftm, nMeotte< calcndaite a^rario iwl SiolognaM fluram H tecolo XVItl,' In le Meteere et il 
ffUfimto.... ^4-$G8; R, Hnud, (ft«e«rch (fitw^r) with the coltabotation of E. Baiada, M. 
Bont^nt, G. Lo Veochlo. P. Di Patma, ^Andamvnto Cllmatieo e suo rapporto con la produttiviia 
agricola: Bologna 1815-1960, Retazione finale,' submitted to EEC under contract No. CLtcC97.l. 
Paper is available from the Istituto per la sloria di Bolgona, Via dS Musei 6,40124, Bologna, Italy. 

4. The fnosi receni example of tfiis isC. Pfisier, 'Fluctuations cllmaiiqulesetprixcerealiers 
en Eiifopo du XVI au XX lioclo,' Annalos XLIII, np. 1, 25-53. 

5. Sec Fiftii, '11 Solo, la pioggia . . .' 358-59. 
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the center ot study has always romainod In the Ucmi office of the Acatleniy 
of Science, which later became the head office of the University of Bolo- 
gna. Tho inslrumonls usod in thu survuy liavii, hownviM, h.uf ihi'ii lot:iitioii 
changed slightly within iho premises. This chanyu is not an iirelevant 
factor in the terms of the data's reliability.^ The work of a moniber of our 
team, Enrica Baiada, has helped solve problems created by this shift, 
which has resulted in greater accuracy. 

The observation center is placed within the city walls, though this area 
vras considered a peripfieral one in ihi» )rfg*ii^(enth and nineteenth centu- 
ries. We were faced with two technical pratriems: (1) H was possible that 
the data was influenced by the micrbctimate Of tfie towm, and (2) we were 
not sure that a survey carried on for only one section Of the area could be 
valid for the entire territory of Bologna. 

To deal wHh these problems we formed the following hypotheses: 

(a) Until the flr« half of the nineteenth century the town microclimate 
had no influence on our data, we assumed it was reliable from this poira of 
view; and 

(b) the data could also represent the plain around Bologna, although 
we would face a different case with the hills or the mountains of the 
surrounding territory. 

We checked these two hypotheses from several angles. The results give 
us clear evidence that we possess carefully screened and reliable data for 
the whole area of the Bologna plain.' 

Much data are available on harvests. For the eighteenth century, we 
have a synthetic indicator in the tables which lists the influx of wheat to 
the city from the seound half of the sbctean^ witury until the arrival of 
Napoleon, with an appendix covering the period of the restoration. The 
chief town of the province had to be supplied by all its countryside, with 
the exception of such areas as mountain regions, which had a very low 
level of production. Wheat and other cereals or legumes came mostly 
from the plain. Authorities had, among other matters, to asisess this influx. 
The tables referring to grain consignment have different levels of reliabil- 
ity, depending on what we aim to discover. For example, they seem to be 
of no use if we want to estimate total annual wheat production.* We 
thought, nevertheless, that the swirigs in records must be partially related 

6, E. Balcds, *0* Beccari s Ranui/i: La meicorolooia nel Accadumia Uoloijnocsc nol secolo 
XVIII' In LaM^aon»iHrumenta... 178-183. 

7, Fini, "II sole, ta pioggia " 351-353. Baiada, Comani, fmii, Sjtmelli. giai 1, p, 72%. R. 

Finii, E. Baiada, "t'Afirmaiion* del mais nelle campagne Bologncsi . un mulamenio del regime 
alifnenlare' in Popolaiione ed econamia del lerrilori Bolognesi dwontu il Senecen{o (Boiogna. 
1985), 234-302. 

8, R. Zangheri, (19591 now included in R. Zangheri, Agricollura e contandini iWita ttona 
rf'Aafi* (Turin. 1977). 148-9. 
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to harvest fluctuations. As the eighteenth century was, for this area, a 
fairly stable period as far as the political and demographical^ aspects are 
concerned, we compared the tables of wheat consignments to Bologna 
during this period (excluding wheat imported from abroBdl with a series 
of yield ralios. The two outlines emerged as being quite similar. If not 
completely concordant (Table 1 and Fig.1). The influx of wheat to Bolo- 
gna had not been recorded with as much atSCHracy during the Restoration 
period, and after the Restoration, such data are not available. 

There has never been a thorough verification of the reliability of the 
Pontifical State's statistics (in which Bologna territory was included be- 
fore Italy's unification) for the nineteenth century. As far as the agricul- 
tural statistics of the Kingdom of Italy are concerned, in the first decades 
following the unification, they appear, in fact, to be rather dubious. '° A 
much belter source for the nineteenth-century history of wheat produc- 
tion are farm accounts on which wtt^Gid*^ to concentrate our attention. 
We collected data from 17 farm estates, in which a total of 145 "poderi" 
were included. {The poderi is the typical agricultural unit of production of 
central Italy, with a peasant family living within its borders.) Our calcula- 
tions are based on 3,500 records referring to 89 poderi, belonging to 11 
"tenute" (estates). The data we used represent 1 percent of esti- 
mated average wheat harvest of the whole Bologna area during the pe- 
riod considorod," 

Different noncontemporary yield ratios can be compared if the agricul- 
tural system did not change significantly during the time interval. At the 
existing level of knowledge we can only reasonably assume that up until 
the Unification of Italy (1860) the socio-economic situation of the country 
remained more or less unchanged. In particular, it is only toward the end 
7of the 1850s that we can perceive noHceabte signs of teehnologtcal 
change. To link the climatic data to the agricultural data we first focused on 
the period 1815-1860, because in these years the climatic series were 
collected with more modern methods and the agronomic data was also 
more "refined." 

In temperate areas sitt^ as the one in whiich the Bologna plain is lo- 
cated, the water and thermal needs of wheat have greater variance within 



9. WiOi n^iard to fills bSu* SM A. Bdl«ttini, pcQWtoiib^ 

afflUijKtowiSM)* IBolognc^ ISSIk tav. 2« p. 48: A BttUMttnt -L'evotudOMtMmooaliadeH Halia 
nel qusflro eurepeo del SetteeeMo, AnaloQN) « tMrticolaritt' in S-Lt^^ ts pqpliiteteM lutitmt 
nel Settecento. (B^ddgnS, t980). pan 1e law. 72 « 23, pps. 3&-9. 

10. B. Ftdettea, 'Par uria valulaiione critica delle statisltcKe della produiiene agrieota hal- 
iana dopo L'Uniia (1860-t9t3)," Socieu e Storia. V (19851, 87-130. 

11. Afitlamento CUmatico . . . Relatione Finale, para 3.1 e3.2, p(». 48-61. c appendix 3. 
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Table 1. A comparison between Outlines of Yield Ratios and/or Productions of 
Wheat in Saletloand Rubizzsno ia), Imola {b). Bologna (c), 1727-1769 
(Index Numbers refer to ihe Period Average) 
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-E. Bdiada. i'aflermazione 
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mutamento del regime alimentaie? in Popolazione ed economia tiei lerrilori bolognesi du- 
rante il Sellecento (Boloflna 198!)). lab. 3. 303-310; b) C. Roiedi. Heiidunonti e pioduiiane 
agricola nell'imolese dal X Vial XIX seculo, *niv>sla ttixicu ilalUna' BO, 1, 1 jv.), 171- 
cl Noia dal formenlo. rttaifatMli e cMietlalo inirotiolle null<i Cilia' lA IMatfita etm i nUnn 
govematori a cardinaU lagati Che la Govarnarono incomirKiamlo ttalfAatta WX tmo 
prasenta (Bologna 1783). 
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Fig. 1. Comparison of Yield Ratios or Production of Wheat in (a) Saletto, (b) Imola, and (c) Bologna. See 
Table 1 . 
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the general climate pattern. This means that a "normal" harvest can be 
achieved under a wide range of climatic conditions. In other words, only 
during "exceptional" years can the direct influence of the climate on the 
harv^ be ^abiished with any certainty. We have thus cortcentrated our 
attenticm on those "exceptional" years. 

Low production years may indicate not only climate variability but also 
may stem from exogenous events which have little or nothing to do with it 
(such as wars). To pinpoint significant elements that undoubtedly corre- 
late climate to harvest we have chosen those years with high produAEon. 
A first test of our model was conducted for the high productivity years 
1.2) of the period 1815-1860, that is to say during the following agricul- 
tural years (September-June): 1823-24; 1836-37; 1842-43; 1848-49; 
1851-52; 1853-54; 1856-57; 1857-58; 1858-59. A second test was con- 
ducted for the High praductivltyyears (» 1.2) ofthe period 1716-1774^ that 
is 1718-19; 1719-20; 1720-21; 1722-23; 1724-25; 1739-40; 1751-52; 
1755-56; 1760-61; 1761-62.** 

What have we determined to this point? It is well known that, other 
things being equal, when all ths needs of the different phenological 
phases are taken into account, the factors that oin limit the productivfty Of 
a crop. Including wheat, are In order of Importence: solar radiation* water 
availability, temperature. Rirthentiore, we know that in the area under 
consideration solar radiation is not an inhibiting factor. Additionally, our 
empirical survey has revealed that during high productivity years water 
needs are always met at key points such as plant spiking (this is true both 
in terms of quantity and in terms of distribution of the precipitation.) in 
o^iSr words, during the period constdered and vMh\n the observed area, a 
harvest above the average is the sign of precipitation that, between tilling 
and spiking, never goes below 40mm and is not concentrated in only one 
rainfall. 

We therefore considered temperature asthe Ae/ parameter for the varia- 
tion in productivity. 

From the foregoing we chose the algorithm CESIA^'; to provide an 
estimate of productivity starting from meteo-climatic data: 

1 ° 

'p = G X '"'"'m fPf. h Ft) 

12. On the year 1740 in the Bologna area see R. Finzi, 'II Sole, la pioggia ' 356. 365-6. 

13. G. Maracchi. F. Migliena, 'Agrometeorological Models of Agriculture Productivrty lo* 
Land Planning.' In F. Prodi. F. Rossi, G. Cristoferi, eds.. Agromoteorohgy. 2nd Intematiorta! 
Cesena Agriculture Conference (Cesena, 1967), 299ff. 
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where 

F, radiation factor 

Fjwater factor 

f^ thermal fac^i- 

G I(ms1^ ^ the shessn segment 

tp normallziB^^ productivity index 

, G 

becomes Ip = ^ 2 •2(f/i)' - Un)*] 

T + (-B) 



with tn 



where T = average temperature calculated in a chosen time segment 
(day, ten-day period, month,) 

-B = minimum growth temperature 

Tmax = optimum growth temperature 

In this way, during high productivity years, the possibte thermal pro- 
files of the agricultural year is mathematically selected and restricted. 

The empirical statistical survey on a specimen made in these high pro- 
duetfvi^ ye$>n shmws tiiat loeaf wMther selects en evtti rmxm limited 
range of temperature profiles in comparison to the phenological phases of 
the agricultural years with high productivity {see figs 2-4), 

We can, then, conclude that: 

(a) Starting from agronomic data we can derive average seasonal data 
on temperature with a single mode curve characteristic for spring and with 
a double mode curve characteristic for autumn and winter. We are now 
engaged in finding a criterion in this latter case to correlate different 
production/productivity levels with the various temperature profiles previ- 
ously identified. 

(b) With available data on climate besldesthe agronomic ones, we ^n 

reverlfy the correlation between climate and harvest series independentlY 
by the algorithm CESIA. We then have a counter-proof of the reliability of 
our data. 

Our results are still very tentative. Many problems have yet to be 
solved. We must consider, tn particular, the fongue durie, that is, In this 

case, long term climate variations. Nevertheless, it is necessary to under- 
stand that between the two periods considered, the end of the Little Ice 
Age actually occurred. Therefore, it is meaningful that our method exhibits 
coherent result in two different periods that are sharply divided from the 
point of view of cfimate history. 
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Precipitation data are notoriously irregular in terms of time and space. 
At this stage, our method also gives us the^mtbility Of coHedtihg infbrma- 
tion about the amount of precipitation and %he ability to discriminate 
against concentration in one event CHily, and eventually to focus on their 
real distribution. 



